Introduction
============

Atherosclerosis that results in coronary artery disease (CAD) is a generalized process that may also affect carotid arteries.[@B1] The extent of CAD increases the risk of simultaneous carotid stenosis.[@B2][@B3][@B4] However, the extent of CAD has been limited to the number of stenosed coronary vessels in previous studies. Using additional parameters such as the degree of luminal narrowing and geographic importance of the lesion position can precisely determine the extent of atherosclerotic burden.[@B5][@B6][@B7] Therefore, an angiographic scoring system such as the Gensini score or the SYNTAX score may show a better relationship with the severity of carotid stenosis.

The coexistence of carotid stenosis increases the risk of a postoperative stroke in patients undergoing coronary artery bypass grafting (CABG).[@B1] However, routine carotid screening prior to CABG is controversial. Determination of the predictors of carotid stenosis may be useful to identify those patients who need carotid screening prior to CABG. We performed a retrospective analysis to identify risk factors for significant carotid stenosis in patients undergoing CABG. The main aim of this study was to evaluate whether the Gensini score and/or the SYNTAX score is related to carotid stenosis. Second, we investigated the relations of the left main coronary artery disease, 3-vessel CAD, coronary artery calcification, and chronic total coronary occlusion to carotid stenosis.

Subjects and Methods
====================

Study population
----------------

A total of consecutive 225 patients who underwent CABG and carotid doppler ultrasonography (US) were retrospectively included after the exclusion process. Clinical and demographic features of the patients (age, gender, diabetes mellitus, hypertension, hyperlipidemia, peripheral arterial disease, chronic kidney disease, history of smoking) were analyzed by retrospective chart review.

Patients with acute ST segment elevation myocardial infarction, acute symptomatic carotid artery disease or the patients who did not receive preoperative carotid screening were excluded from the study. In addition, we excluded patients younger than 60 years of age because the incidence of carotid stenosis is low within the young population.[@B8] Patients with a history of previous CABG, carotid endarterectomy, carotid stenting and history of stroke were also excluded from the study.

Hypertension was defined as a blood pressure of ≥140/90 mmHg or the use of antihypertensive medication. Hyperlipidemia was defined as a fasting low density lipoprotein concentration of \>130 mg/dL or the use of antihyperlipidemic medication. Diabetes mellitus was defined as a fasting plasma glucose concentration ≥126 mg/dL or the use of antidiabetic medication. The study was approved by the local ethics committee on human research at our institution.

Assessment of coronary angiography, the Gensini score and the SYNTAX score
--------------------------------------------------------------------------

Coronary angiography was assessed by two experienced independent observers who were blinded to both the patient\'s clinical characteristics and carotid Doppler US findings. Significant CAD was assumed as a lumen diameter stenosis of ≥50% in any of the major epicardial coronary arteries including the left main coronary artery, left anterior descending artery, left circumflex artery, right coronary artery, or one of their major branches. Dispersion of the CAD categorized as one-vessel disease (1-VD; disease in 1 vessel), two-vessel disease (2-VD; disease in 2 vessels or left main trunk disease without right coronary artery stenosis) or three-vessel disease (3-VD; disease in 3 vessels or left main trunk disease with right coronary artery stenosis). Left main disease is defined as significant stenosis (≥50%) of the left main trunk, with or without concomitant lesions in other vessels.

Based on the baseline diagnostic angiogram, the total SYNTAX score was calculated from the summation of the individual scorings for each separate lesion by using a SYNTAX score algorithm available on the SYNTAX website (<http://www.syntaxscore.com>).

Calculation of the Gensini score was initiated by giving a severity score to each coronary stenosis as follows: 1 point for ≤25% narrowing, 2 points for 26 to 50% narrowing, 4 points for 51 to 75% narrowing, 8 points for 76 to 90% narrowing, 16 points for 91 to 99% narrowing, and 32 points for total occlusion. Thereafter, each lesion score is multiplied by a factor that takes into account the importance of the lesion\'s position in the coronary circulation (5 for the left main coronary artery, 2.5 for the proximal segment of the left anterior descending coronary artery, 2.5 for the proximal segment of the circumflex artery, 1.5 for the mid-segment of the left anterior descending coronary artery, 1.0 for the right coronary artery, the distal segment of the left anterior descending coronary artery, the posterolateral artery, and the obtuse marginal artery, and 0.5 for other segments). Finally, the Gensini score was calculated by summation of the individual coronary segment scores. The patients were classified into 3 groups according to the tertile of Gensini score.

Assessment of carotid Doppler US
--------------------------------

B-mode and duplex US findings were obtained from the right and left common carotid and internal carotid arteries using the Logiq 9 ultrasound machine (GE Healthcare Technologies, Ultrasound, Milwaukee, WI, USA) centrally at the deparment of radiology. The severity of stenosis was determined by the maximum percentage of diameter reduction recorded by B-mode US, and by the peak-systolic velocities (PSV) measured in the internal carotid artery. The patients who had a significant discrepancy between B-mode ultrasound and PSV were excluded from the study.

PSV \<125 cm/s with no sign of atherosclerosis was considered as normal carotid artery. PSV \<125 cm/s with the presence of a sonographic atherosclerotic lesion was considered to represent \<50% stenosis. PSV between 125 and 230 cm/s was considered to represent 50 to 70% stenosis, whereas PSV greater than 230 cm/s was accepted as 70 to 99% stenosis. Total or near occlusion was defined as 0 PSV and no visible flow.[@B9] Clinically significant carotid stenosis was defined as a PSV greater than 125 cm/s.[@B3]

Statistical analysis
--------------------

Continuous variables were expressed as mean±SD. Categorical variables were expressed as frequencies and percentages. Statistical comparison between the groups was performed by 1-way analysis of variance. Chi-square test was used to compare categorical variables. \'Correlation analysis was performed by Spearman correlation test for variables with abnormal distribution.\' Multivariate binary logistic regression analysis was used to identify the independent risk factors for significant carotid stenosis. Receiver-operating characteristic (ROC) curve for the prediction of significant carotid stenosis (≥50%) was constructed and the area under the curve (AUC) was calculated for the Gensini score. The CI value for the cut off Gensini score was calculated using the sensitivity and specificity estimates. A p value less than 0.05 was considered as statistically significant. All statistical analysis was performed by statistical software ver. 16.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

The mean age of patients was 66.16±5.66 years. Sixty-four patients (28.4%) had normal carotid arteries without any evidence of atherosclerotic plaque. One hundred-two patients (45.3%) had nonsignificant carotid stenosis (\<50%), whereas the number of patients with 50 to 69% and ≥70% carotid stenosis was 40 (17.8%) and 19 (8.4%), respectively. The number of patients classified as 1-VD, 2-VD, and 3-VD was 34 (15.1%), 69 (30.7%), and 122 (54.2), respectively. The mean value of Gensini score and SYNTAX score was 54.15±30.13 and 18.96±6.93, respectively. The demographic and clinical characteristics of the entire study population are summarized in [Table 1](#T1){ref-type="table"}.

The study population was divided into 3 groups as patients with normal carotid artery, nonsignificant carotid stenosis (\<50%) and significant carotid stenosis (≥50%). These three groups were compared in terms of demographic, anatomic and hematological characteristics in [Table 2](#T2){ref-type="table"}. The mean value of the Gensini score and Syntax score was highest in patients allocated to significant carotid stenosis ( p\<0.001 and p\<0.001, respectively), ([Fig. 1](#F1){ref-type="fig"}). In addition, there were statistically significant correlations between the severity of carotid stenosis and the SYNTAX score (r: 0.349, p\<0.001) and the Gensini score (r: 0.477, p\<0.001).

The predictors of coexisting significant carotid stenosis in patients undergoing CABG were found to be male gender (p=0.029), carotid bruit (p\<0.001), diabetes (p=0.021), left main disease (p=0.002), 3-VD (p=0.008), chronic total coronary occlusion (p=0.001), coronary artery calcification (p=0.001), the Gensini score (p\<0.001) and the SYNTAX score (p\<0.001) in univariate analysis ([Table 3](#T3){ref-type="table"}). From these factors, multivariate analysis revealed the Gensini score (OR=1.030, p=0.004), carotid bruit (OR=0.068, p\<0.001), and male gender (OR=0.190, p=0.003) as the independent predictors of significant carotid stenosis ([Table 3](#T3){ref-type="table"}). The prevalence of patients with various categories of carotid stenosis according to the tertiles of Gensini score and the number of stenosed coronary vessels was demonstrated in [Table 4](#T4){ref-type="table"}. There was a remarkable increase in the number of patients with significant carotid stenosis among the patients with increasing tertile of the Gensini score ([Fig. 2](#F2){ref-type="fig"}). The Gensini score cut off value predicting significant carotid stenosis was 50.5 with 77% sensitivity and 63% specificity (AUC, 0.778; 95% CI, 0.712-0.843; p\<0.001), ([Fig. 3](#F3){ref-type="fig"}).

Discussion
==========

The main finding of this study is that the Gensini score is independently associated with the severity of carotid stenosis in patients undergoing CABG. There was a statistically significant correlation between the Gensini scores and severity of carotid stenosis. The incidence of significant carotid stenosis increases among patients with high Gensini score. Although the SYNTAX score and 3-VD terminology have showed a relationship with significant carotid stenosis, they were not independent predictors. These findings indicate that carotid artery screening may be recommended for patients having high Gensini score prior to CABG.

Carotid artery disease is an important risk factor for stroke in patients undergoing CABG.[@B1] Atherosclerosis of carotid artery increases the risk of neurological complications via embolization from an ulcerated plaque regardless of the degree of carotid stenosis or by causing hypoperfusion distal to critical stenosis.[@B10][@B11][@B12][@B13] However, routine carotid screening prior to CABG is controversial. Screening of carotid artery is essential in patients with a history of stroke or carotid bruit.[@B14] In addition, routine carotid screening has a class IIa recommendation for patients with multivessel CAD, peripheric vascular disease, or \>70 years of age.[@B14] However, the predictors for coexisting significant carotid stenosis are not clearly established in patients undergoing CABG.

Carotid artery disease is related to the extent of CAD.[@B2][@B3][@B4] Multivessel CAD has shown to be an independent predictor for carotid stenosis.[@B3] However, the distribution of coronary atherosclerosis has been limited to the number of significantly stenotic coronary arteries in previous studies. 3-VD terminology is insufficient to represent the entire extent of coronary atherosclerosis. For instance, a significant lesion in mid or distal portion of any coronary artery is pooled together with a lesion in proximal portion despite the fact that the latter represents a higher atherosclerotic burden. Whereas, considering the number of coronary stenosis and degree of luminal narowing with a combination of geographic importance of the lesion position provides a more complete evaluation for the atherosclerotic burden.[@B5][@B6][@B7] Therefore, an angiographic score such as the SYNTAX score or the Gensini score that can quantify the extent of CAD[@B6] may be more correlated with the severity of carotid stenosis.

In our study, the Gensini score, the SYNTAX score, and 3 vessel CAD were found to be associated with carotid stenosis in patients undergoing CABG. The Gensini score and the SYNTAX score were well correlated with the severity of carotid stenosis. However, only the Gensini score showed an independent relationship with significant carotid stenosis. 33.6% of patients with 3-VD had significant carotid stenosis while 50% of patients with high Gensini score had significant carotid stenosis. The Gensini score higher than 50.5 had 77% sensitivity in prediction of significant carotid stenosis. These findings represent the role of Gensini score in prediction of significant carotid stenosis among the patients undergoing CABG.

In a recent study, the SYNTAX score has not been found to be associated with carotid atherosclerosis in patients with multivessel coronary disease.[@B15] In contrast, we demonstrated an association between the SYNTAX score and significant carotid stenosis. However, this association was not an independent finding. This can be explained by the following reasons. First, the SYNTAX score defines a lesion as significant when it causes \>50% luminal narrowing in vessels \>1.5 mm diameter whereas the Gensini score defines stenosis starting at a level of 25% obstruction.[@B5][@B6] Second, distinction has been made only between occlusive (100% diameter stenosis) and non occlusive (50-99% diameter stenosis) disease in the SYNTAX score.[@B5] However, the Gensini score considers the diameter stenosis in an algorithmic methodology[@B5] as 0-25%, 26-50%, 51-75%, 76-90%, 91-99% and total occlusion.[@B16] Third, the SYNTAX score includes additional parameters in comparison to the Gensini score such as coronary artery dominance, thrombus, tortuosity, and, bifurcation or trifurcation type lesions.[@B5][@B7] These individual components of SYNTAX score are not associated with atherosclerotic burden. They indicate increased difficulty for percutaneous coronary intervention and take a role in the selection of revascularization strategies.[@B5][@B7] Therefore, the SYNTAX score is more related to the complexity of lesion rather than the extent of coronary atherosclerosis. In contrast, the Gensini score is well known angiographic tool for grading the severity and extension of coronary lesions.[@B5][@B6][@B16] Because carotid stenosis is related to the extent of CAD,[@B2][@B4] the SYNTAX score can not accurately predict significant carotid stenosis likewise the Gensini score.

Left main disease, chronic total occlusion and coronary artery calcification were the other pathological features of CAD associated with significant carotid stenosis. However, they were not independent predictors in the multivariate analysis. In addition, male gender, diabetes mellitus, and carotid bruit were found to be related to the significant carotid stenosis in univariate analysis. However, only male sex, and carotid bruit were independently associated with significant carotid stenosis. Variables such as hypertension, hyperlipidemia, and hemodialysis were not statistically different between the study groups. Although advanced age is a well established risk factor,[@B3][@B4][@B11][@B13] we could not find an association between age and significant carotid stenosis. This may be due to the exclusion of patients aged \<60.

CAS \>50% is an established risk factor for post-operative neurological complication.[@B11] The best management to decrease the risk of perioperative stroke related to carotid stenosis remains challenging. Regardless of the decision to revascularize carotid disease, providing the best medical theraphy has paramount importance in patients undergoing CABG, particulary over the long term.[@B2] There is an uncertainty for selective screening to provide guidance for centers seeking to systematically optimize their carotid screening practices.[@B17] We represent an objective assessment by using the Gensini score to predict coexisting significant carotid stenosis in patients undergoing CABG. Because many patients with 3-VD were referred for CABG, a further evaluation for carotid stenosis may be done in patients having a high Gensini score.

Limitations
-----------

This study was based on a retrospective analysis in a single center. We only reviewed a group of consecutive patients who were scheduled for CABG. Our study population did not cover all patients who were scheduled for CABG because of the exclusion criteria. Therefore, our findings can not be generalized for patients who were younger than 60 years of age or with acute ST elevation myocardial infarction. In addition, because postoperative neurological complications, morbidity and mortality outcomes were outside the scope of this study, the predictive value of Gensini score on these parameters is not known. Prospectively designed studies are needed to clarify this subject.

Conclusion
----------

The Gensini score is well associated with the severity of carotid disease. The Gensini score may be used to identify patients at high risk for significant carotid stenosis prior to CABG.
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###### Baseline characteristics of the study population (n=225)

![](kcj-46-639-i001)

  Variables                                 Value
  ----------------------------------------- ----------------------------------
  Age, years                                66.16±5.66
  Gender, male                              168 (74.7)
  Carotid bruit                             63 (28)
  Hypertension                              189 (84)
  Diabetes                                  97 (43.1)
  Hyperlipidemia                            64 (28.4)
  Smoking                                   72 (32)
  LVEF, %                                   54.95±10.66
  Hematocrit, %                             36.60±5.36
  Hgb, g/dL                                 12.19±1.92
  WBC ×10^3^/uL                             9.22±2.61
  Platelets ×10^3^/uL                       254.40±98.25
  Creatinine, mg/dL                         0.99±0.63
  Peripheral arterial disease               10 (4.4)
  The Gensini score                         54.15±30.13
  The Syntax score                          18.96±6.93
  1, 2, 3-vessel CAD                        34 (15.1), 69 (30.7), 122 (54.2)
  Left main disease                         32 (14.2)
  Chronic total occlusion                   103 (45.8)
  Coronary calcification                    137 (60.9)
  No carotid disease                        64 (28.4)
  Nonsignificant carotid disease (1--49%)   102 (45.3)
  Significant carotid disease (50--69%)     40 (17.8)
  Severe carotid disease (≥70%)             19 (8.4)

Values are presented as n (%) or mean±standard deviation. CAD: coronary artery disease, Hgb: hemoglobin, LVEF: left ventricle ejection fraction, WBC: white blood cell

###### Comparison of the patient characteristics according to the degree of carotid artery stenosis
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  ---------------------------------------------------------------------------------------------------------------------------
  Variables                        Normal carotid artery\   Nonsignificant CAS (\<50%)\   Significant CAS (≥50%)\   p
                                   n=64                     n=102                         n=59                      
  -------------------------------- ------------------------ ----------------------------- ------------------------- ---------
  Age, years                       66.76±6.34               65.88±5.27                    65.96±5.67                0.572

  Gender, male, n                  49 (77%)                 68 (67%)                      51 (86%)                  0.019

  Carotid bruit, n                 2 (3%)                   21 (21%)                      40 (68%)                  \<0.001

  Hypertension, n                  55 (86%)                 83 (81%)                      51 (86%)                  0.617

  Diabetes, n                      29 (45%)                 34 (33%)                      34 (58%)                  0.01

  Hyperlipidemia, n                18 (28%)                 27 (26%)                      19 (32%)                  0.738

  Smoking, n                       13 (20%)                 43 (42%)                      16 (27%)                  0.009

  LVEF, %                          54.37±10.81              55.88±10.15                   53.98±11.40               0.487

  Hematocrit, %                    36.48±5.33               37.02±5.68                    36.00±4.82                0.504

  Hgb, gr/dL                       12.21±1.76               12.30±2.19                    11.98±1.56                0.583

  WBC ×10^3^/uL                    8.76±2.82                9.56±2.60                     9.12±2.32                 0.149

  Platelets ×10^3^/uL              242.45±107.64            258.22±100.22                 260.76±83.55              0.512

  Creatinine, mg/dL                0.99±0.75                0.94±0.32                     1.09±0.85                 0.333

  Peripheral arterial disease, n   0                        0                             10                        \<0.001

  3-Vessel CAD, n                  32                       49                            41                        0.023

  Left main disease, n             9                        8                             15                        0.009

  Chronic total occlusion, n       20                       45                            38                        0.001

  Coronary calcification, n        30                       60                            47                        0.001

  The Gensini score                40.07±20.76              49.53±26.10                   77.40±32.35               \<0.001

  The Syntax score                 16.12±5.68               18.48±6.42                    22.98±7.32                \<0.001
  ---------------------------------------------------------------------------------------------------------------------------

CAD: coronary artery disease, Hgb: hemoglobin, LVEF: left ventricle ejection fraction, WBC: white blood cell

###### Univariate and multivariate logistic regression analysis of variables predictive of significant carotid stenosis
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  Variables                    Univariate analysis    Multivariate analysis                          
  ---------------------------- ---------------------- ----------------------- ---------------------- ---------
  Gender, male, n              0.418 (0.191--0.916)   0.029                   0.190 (0.063--0.572)   0.003
  Carotid bruit, n             0.066 (0.033--0.135)   \<0.001                 0.068 (0.028--0.162)   \<0.001
  Diabetes, n                  0.495 (0.273--0.898)   0.021                                          
  3-Vessel CAD, n              0.431 (0.231--0.803)   0.008                                          
  Left main disease, n         0.304 (0.141--0.656)   0.002                                          
  Chronic total occlusion, n   0.361 (0.196--0.664)   0.001                                          
  Coronary calcification, n    0.321 (0.162--0.638)   0.001                                          
  The Gensini score            1.037 (1.025--1.050)   \<0.001                 1.030 (1.009--1.050)   0.004
  The Syntax score             1.124 (1.071--1.178)   \<0.001                                        

CAD: coronary artery disease, CI:confidence interval

###### Percentages of various severity of carotid artery disease according to the extent of coronary artery disease
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  CAD extent            No carotid disease   Severity of CAS                   
  --------------------- -------------------- ----------------- ------- ------- ---------
  Vessel disease                                                               0.001
   1-VD, n=34           50%                  47%               3%      0       
   2-VD, n=69           21.7%                53.6%             21.7%   2.9%    
   3-VD, n=122          26.2%                40.2%             19.7%   13.9%   
  Gensini tertile                                                              \<0.001
   Low, n=76            40,7%                50%               7.9%    1.3%    
   Intermediate, n=73   32.9%                47.9%             15%     4.1%    
   High, n=76           11.8%                38.1%             30.3%   19.7%   

CAD: coronary artery disease, CAS: carotid artery stenosis, VD: vessel disease
